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Medical Laboratories Research Report No»  379 

Reaction of Sarin with Bleach  in Dilute Aqueous Solution 

ABSTRACT 

Sarin iS ra-Didl>r hydrolyzed in mildly alkaline waters   (pH = 7 0- 
foO)  containing comparatively low concentrations of high test  bleach  CHTH) 
or sodium hypochlorite solutionso    Chloramine T does not accelerate the 
hydrolysis rate of Sarin to an appreciable extent.    The rate of the re- 
action is proportional to the first powers of Sarin and hypochlorite  ion 
concentration      An approximate bimolecular rate constant for the reaction 
at do   Co  is 560 lomole-i rnin^,  and the change in rate for each 10° C. 
,(:^n9fi,l\temp^at"re is «PP^iaately two.    Because the rate is dependent 
upon the hypochlorite ion concentration,  it is also dependent within 
limits,  upon DH,  since hypochlorous acid has a dissociation constant of 
about 4 x 10-8     To  show this more clearly,  the half life of Sarin in 
t^ti^  at d^f^fnt temperatures and values and with  different  concen- 
trations of chlorine is as follows; 

— JH Cone. Clg tJä 
JBEB Min. 

25                     6.0 200 11 

7.0 25 13 

2=3°                   6.0 200 38 

7.0 100 12 

8.0 100 3 

9o0 50 4 

This finding,  it is believed,  is important because it makes possible a 

Sa^dwJSSiSL!sin9le procedure which can be effective a«ainst ««»y 
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Medical Laboratories Research Report No.  379 

Reaction of Sarin with Bleach in Dilute Aqueous Solution 

lo     INTRODUCTION. 

A»  Object „ 

The object of this work was to study the reaction between 
dilute solutions of Sarin and active chlorine compounds. 

Bo Authority» 

rtl/, ., i  Authorized by Chief Chemical Officer under Projects 4-08-03- 
014, Evaluation of CW Water Contaminants and 4=08-06-002, CW and RW Aspects 
of Food and Water, Test Program T221, 26 January 1953, Aspects 

IIo    HISTORICAL AND THEORETICAL, 

Recent field tests on the decontamination of water containino 
chemical warfare materials have revealed that, in cold waters, the pro- 
cedure of raising the pH of the water to a satisfactory operational alka- 
linity to destroy agents of the G series, particularly Sarin, is not 
feasible when used with the Corps of Engineers Mobile Purification unit 
Cl) because of the time required to hydrolyze the agent. During these 
*ia:fs 7 WaS incidentally discovered that relatively high concentrations 

C5   u6' Up t0 100 ppmj could be ren«>ved almost completely with acti- 
vated carbon. This suggested that if compounds containing active chlorine 
were effective decontaminants for the nerve gases, a decontamination pro- 
cedure might be developed using bleach. 

As far as could be ascertained from a literature study, little 
work has been reported on the reactions of Sarin with active chlorine 
compounds. Workers at Shell Development Compauy were unable to evaluate 
the effectiveness of bleach solutions to decontaminate Sarin due to diffi- 
culties in analysis of Sarin after reaction with hypochlorite (9), A 
study made on the release of chlorine in CC2 (a nitrogen chlorinated ma- 
terial) by Sann led the investigator to conclude that there is no basis 
for assuming that CCg reacts with Sarin (2), 

In our laboratories, it has been established that chloramines 
such as chloramine T or halazone, in dilute aqueous solution, will not 
lose tneir active chlorine when in contact with Sarin, i,e,, Sarin does 
not cause a water to have a "chlorine demand" (6), Furthermore, dogs fed 
Sann-contammated water coagulated with ammonium alum and subsequently 
tEe!to Z11? bl!ach tü 9ive the solution a 0,5 ppm residual chlorine and 
pH 6,2 developed synptoms of G agent poisoning (6), On the basis of these 
two experiments, the cosielusion was reached that in very dilute solution, 
active chlorine compounds do not react, or react only very slowly with 
Sarin, s        J J 

'; 
1 
I 

SECRET 
3 



■ 

r.     w 

SECRET 

j        ^ In ret^osPect»  however,   it  should   be considered that a "chlorine 
demand    test gives no  information on  the   state of the Sarin molecule 
which is the object of study,   for it   is   evident that, an active chlorine 
compound can conceivably function as   a  true  catalyst,  proraotina the de- 
IT^ll J*        Sarin WÜile re,nainin9  unchanged itself»    m the experiment 
in which dogs were used to  ascertain the   state of the Sarin molecule, 
the conditions were clouded by the chemicals introduced in the treatment 
OX    WiiiGx o 

The present  studies  show,   in  fact,    that Sarin is rapidly destroyed 
at  neutral or  slightly alkaline PH by  high   test bleach or sodium hypo- 
c5i0r!!e°    The reaction  is  a catalytic  one,    and hypochlorite  ion is the 
effective catalyst.    The bimolecular rate   constant  for the reaction at 

K^HCIO^ n^cH»)1617 5o6 X 102 1°,nole'=1   mlB-'1   ^sing the value of 

Inasmuch  as the catalytically  active  species is the hypochlorite 
ion and since the hypochlorite ion concentration is markedly dependent 
upon the pH especially in neutral  and  slightly alkaline medium,   it follows 
that  in neutral or slightly  alkaline   solutions, the observed velocity of 
the hypochlorite catalyzed reaction will   be   pH dependent»• 

HI» EXPERIMiNTALo 

Ao    Reagents» 

«^ « ♦»,• ^u Hf9h,Test Hypochlorite (HTH> = This material is a product 
of Mathieson Chemical Corporation. The available chlorine content is 70% 
The composition is reported to be as follows; 

Calcium hypochlorite 70% 

Inert  ingredients 30% 

annn n™, n        XK  ^?Ck  solution of »TH was   prepared at approximately 
4000 ppm Cl2o    The Clg content was  determined  daily by titration accordinn 
to well-established procedures«   (9a) ""«ion according 

20    Sarin -  purity>95%.     Solutions of 3 mg0/mlo were made 
up fresh prior to use by diluting weighed   quantities of the agent with 
tJlS>UXiJ.GO   Wat Ox's 

nu-,     , 3<,    S001"™ hypochloritCo    This   re-agent was prepared as follows- 
f T

0
*

1
^

35
 raS.bub"ed slowly int0  300 ml o   of an ice=cold solution of 

f\l     ?? s?lutl°n  prepared by dilution  of   50J6 caustic) until titration 
ol  the chlorinated caustic  solution  showed   that the normality of hvoo- 
chlonte had reached 1»6 N   (approximately   80 minutes)»    Two ml»  of 

• The hydroxyl ion catalyzed reaction which   is also pH dependent is ex- 
tremely slow as compared to the hypochlorite catalyzed reaction in the 
pH range under  discussion  and hence can   be   neglected, 

SECRET 
4 

-   c. 



SECRET 
12.5 N NaOH were then added to raise the pH to approximately 11 0 to 

«p^^uoJi^^So-jr^ri^vs^^-j^rrjr-rtOT^'to"- 
4.    Chloramine T - ÜSP XII Grade - Mallinckrodt. 

carbon dioxld; frf^Hf0!^}0^*    ^P"^ fro™ 50% NaOH solution with carbon dioxide free distilled water  and standardized against KHC8H404, 

60    NagSgOg solution«     Prepared by dissolving 25 g. 
Na2S2035H20  (C.P,)   In distilled water containing 2 g.  Na^ and diluting 
to 2 liters.    Standardized against potassium biiodate  (9b)» 

7«    Schoenemann Test Reagents. 

....... a°     Peroxide - Calgon mixture -  aqueous  solution    «i rvK 
with respect to calgon and 0.4% with respect to H^.       SOiUtl0n'  5-Q% 

of 200 ml    of n nk J*^"v,".inti~t0r,mixtare°    The fixture was composed 
100 ml    1 n£ ™      Phosphate buffer  (pfl = 8.7), 200 ml. C.P.  acetone, 
^efto^eTsSo Si!011'1"6 ^^^riöe, and sufficient distilled 

solution     Th. c«; .f61^ reagent -  1.0% perdox (low alkalinity)   aqueous 

b^ro^-soJLV^rat:!8 ^ UP ^ daily'    ^ ls a ^nJcial5 

B.    Equipment. 

7 n h„^~    ^    pe^kman PH meter - ■tod3l G - standardized daily with DH 
7.0 buffer;   checked at pH 4.0 and 8.0  (Fisher Scientific Company Reagents). 

2. Assorted laboratory glassware. 

3. Thermometer, 0° - 100° C. 

filter. 4*    Klett"Sum,nerson Photoelectric colorimeter with 420 mji 

and Teflon co^ere'S^g^Uc-lur^ng0 IT.**'' ^"^ ^^ ^^ 

C.    Analytical Methods. 

1.    Determination of Sarin. 

*i. . The experience gained  in the study of the mechanism of 
the reaction involving Sarin and the dye precursor tetrametSytdJSnophenyl 

SECRET 
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that hydrogen peroxideso^Uo^s LLdTo1;e"trSoCy0thneemaacntnreSt
h?XCept 

prior to the addition of other *•««««♦*      *■    aestroy the active chlorine 
above 10 Ppm the JroceSure ^ HTu^s^0' COnCentrations «* Sarin 

metric flask waS
Taddedm2°m?f o5ethf,plf t0 ^A

analy^ ™ * 100 ml. volu- 
The solutions ire ™!xed Teil a„5 with r^hydr09!n KIOxi(ie mlxture» 
indicator mixture weJe SdS foHoS Jy ?J*TAd0 "^ 0f the buffer- 
The solutions were mlxeH w*ii    nt? ♦ .T?        ,°  of the Perdox reagent» 
in a Klett^uJSorcoloSe^er1 s ng l^ZVilLr^l^ ?> ^^ 
containing approximately 10 DOT of Sa?in    Pn 2i       ,'ero    Wlth solutions 
hypochlorite solutions were JSd      pJr th* M  J" t

all(luots of "e Sarin» 

Sarin conce„trat?o„St?Fia"reCDVe ir«^^'""!*1 "i"9 solutiO"s of known 
did not interfere L this detLinati^ Je,nonstrated tha* hypochlorite 
solutions containing SaJin tJS^h hnH J7 ^"^^ staad^ curves of 
drogen peroxide ia JaoidsueL^?«!    a^teeI! added ^P^hlorite and hy- 
The9cur?es prepared"J both w"'"^' ^^Jfr! ^^^ T1"9 Sarln 0^ 
(See Figure 1)*0 

y    were' within experimental error,  identical 

2»    Hypochlorite Concentrat ion» 

slum iodide pelleJs^I^^^nd^s'KfM^ N^V^V^  5 ^^ 
trated with 0,05068 N NaJ£n crtf..*-  f  v  . HC1° The 10dine was ti- 
iodine color 2S203 solutlon to the disappearance of the starch^. 

3o Calculation of HesultSc 

Sann is e.t.ln£ Se'Xo^Sfi.'Lf ? S'SJ.^A"^? l0° ?° 
of the measurement of the rate nf Hit^I aiscussion)»    A discussion 
«d b, SaH„ ....... ^c.^^fc^Sl^ Jf^; .V^.';"'"" 

tlon) produced by r"cüaa ^1". Ti1. ,''e l?t?asit, 0£ color (concentra- 

accrdfo, ,o the^tSfd^dLrr       ""aL ""ir^as^^d^SaS^"1"'''^6, hypochlorite mixture  aft^^  »»„»J-   <»uu¥c„     « was lound that when a Sarin- 

Schoenemain test Sse ^tensitv'JSHrt^H6^3 COl0r in the ,nodified 

original concentration rema?^ tndlcated that only one-tenth of the 
the aged solutJon^as retired to KXl'na^ly ten times the volu"e ** 
nal sofllution by orarad^nJSratLS    ""^ ^ **" effeCt aS the "W' 

SECRET 
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cenJiatlons oTs.^h""*^8 ^ made in the "Iculations of the con- centrations of Sann by acid production to compensate for the chanoe«!  in 
thiTt^-H-aCti0nKSOlUti0n Caused ^ Temoval °f «"q««I for tJe Jlst by 

K L     =    °693    - K     .  „ "obs        -Jg—        Kl + Ks (a) 

where t)^ is the time in minutes required for half of th« «a».«« ♦„ A- 
pear, Kobs is observed first ordeAitTconrt^f K, iTtttTirll o'JdeT 
rate constant for the hypochlorite catalyzed decomposition and K    is the 
spontaneous hydrolysis rate constant  at  the pH of the exoerimont Si„ t.,- 

ftrtc
h

eeoefÄr!rit-The bimoiecuiar"- coVs^r^Ku}«^6 

K2 = lb ™ 
where K2 is in units of 1,mole"1 mm:1  The hypochlorite ion concentr lion 

t eah;;o
v:hniopriLass:ia cä;dattehd

e
fdrora th? ^the ori9inai —muon r/ e nypocniorne salt  and the dissociation constant of hypochlorous acid, 

r    --i        KAC 

Cocr] =   A  
F + KA <c) 

where C is the original concentration of hypochlorite salt in moWl    *nH 
KA is the dissociation constant of hypochlJJous acid!      • '  '  *** 

K2 =Eobs_JÜJ2l1KÄ| (d) 
KAC 

iSe vaiie of J6 diSSOCiation *>******>  chosen for this «ork as 4 x 10-8*0 
va ue   KA is only approximate and hence the absolute value of K. 

will be approximate. The constancy of the K2 value, which establishes' 

for K  Vt thH reacti0"' w111 also be dependent upon the value chosen 
for KA , but under certain conditions, the importance of K. can be min?- 

mized and for all practical purposes the constancy of the L  can be illus 
trated without an exact value of K   TH   .r U     «- « ^2 ca" be illus- 

an exact value of KAo Thus if the conditions of the reaction 

' sfudJiosr^si;;rk
coe«sta:tit0hfoohoTchlorous acid has been the ob^ ^ tors!   The JJlüe of 5'x mV?0r a9reen>ent among the various investiga- 

rejoned L the Hterat«^    iS ^ aVera9e 0f m*Ry **"*"** values' 

SECRET 
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are such that Ks is small as compared to K „ Cwhlch win 
slightly acid medium and with a fairlv hi«2bs        " Preva11 *" 

chlorite salt), and KA is llln  as coipa^d ^TL^0? 0f.the hyp0= 
equation Cd) reduces to- compared to H+ concentration, then 

K2 = ^bs'K*' 

since K2 is I trie co.,w«     ' (b0", 1,rse " »»"Pared to 4 x 10-8), 

(f ) 

"^re ^bs*' ö* »  ^d C  represent an observed velocity constant    hvH^ 
ion concentration and hvoochlorit^  *^. constant,  hydrogen 

a^ogen ion concent^^aÄ^^ 

either determinedo'la^l^d'lro"1;6: ^ ^ ^ ^ 9°0' *h*™ Ks "- 
Kobs the values of K2 ivere caLulatL oJ^"'6 ^^ and s^tractld fron 
as comoared to K        Z A V.    

caAculatsd on the assumption that K 
compared to Kobs and hence could be neglected» S was small 

«- c«AV%\TJtrzr.«s i^i ^i ^^ T-
1 

deter...«!..., "«h^'^L'^r^.r«!.." "'f»^ «P«"/"e color^tric 

Do     Procedure» 

of water -s1ri;eue^af ^SrorSarlf^i^^r^feH '**8™* -1- 
^con^o

rttSOdiUm ^^ide solut on to  Xst the oH'to ^'f drCp3 Cf 

decomposition was to be measuredo    An IlloSt I? P ^f1 at which the 
hypochlorite solution previously adiu^d^.K    dCcura^ly standardized 
volume that the total volume in th^^      0 ^ Sia,ne P1^  and of such a 
rapidly added»    Zero time was taken althl "fB" b?,50» "^ was then 
half of the volume of the IJJocSoJi"  sllutZn ^i1™1'1* Edition of one 
were maintained at constant temperatire(ij?oV ?! ^actant solutions 
reaction beaker in a water or ^e bS     li?;   t

Co).byui,Braersion of the 
-re extracted and analyzed *Z^\£^£ 1^™%*%« 
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analytical methods).    The pH was maintained constant by careful  addition 
TLTJ 

small
r
volun'es °f accurately standardized sodium hydroxide soÜuon 

^H ^T8 0-   CaUS'iC  solutIon needed to maintain constant pllw^re re- corded at various time  intervals. 

E.    Results. 

^■ff The results of experiments at approximately 25° C. and at 
different pH values, using HTH (calcium hypochlorite) are shown in Table I 
Typical plots showing the conformity of the decomposition to first order 

t ^  Vr S-0ml i" ui9Ure 2- Fieure 3 shuws a P1« «t  the decompos" 
tratio^ !^rral?Hd byHb0t. the 0-tolidine Perborate method (Sarin Smcen- trationj and acid production. 

Tafale  I 

Rate of Decompo 
at Approximately 

sition of Sarin   (2 x lo-4 M) 
25° C.  with liTH at Various pUs 

J2L 
5.0 

6.0 

Tot a 
Salt 

1 Hypochlorite 
Cone,  x 103 

2.82 

.705 

Min. 

96.0 

42.4 

Kobs * JO2 

Min."* Kl x 102 

0.72 

1.63 

K2 x lO-2 

l.mole^rain.-1 
T 

°C. 

24.5 

22.0 

0.72 

1.63 
6.4 

6.0 
2.12 15.1 4.59 4.59 5.6 23.0 
2.62 11.4* 6.08» 6.08* 5.6* 24.5 

11.0» 6.30* 6.30» 5.6* 24.5 
7.0 .265 19.2 3.61 3.61 4.8 24.5 

8.0 

.354 

.044 

12.7 

32.7 

5.46 

2.12 

5.46 

2.06 

5.4 

5.9 

23.0 

23.0 
.086 17.4 3.98 2.62 5.4 25.0 
.132 11.6 5.98 5.62 5.3 24.5 
.176 8.3 8.35 8.19 5.6 24.0 

9.0 .022 31.0 2.23 1.03 4.8 23.0 
.044 18.6 3.69 2.49 5.8 22.5 » 
.062 14.5 4.78 3.56 5.9 23.0 

• These two runs were made to establish the catalytic nature of the reaction 
After the Sarin had been completely decomposed in the first of the two runs 
itii  - 11.4) an additional quantity of Sarin was pipetted into the reaction 
mixture. The half life of the second quantity of Sarin was 11.0 minutes, 
demonstrating the existence of the same concentration of the effective catalyst 
It might be argued that the concentrations of total hypochlorite salt are quite* 
high as compared to the Sarin concentration, and that if a reaction between 
1 mole GB and 1 mole hypochlorite did take place resulting in the decomposition 
ol the hypochlorite, sufficient excess of the hypochlorite salt would remain so 
that results of the same order as those reported in Table I would be obtained 
However, other runs made with concentrations of hypochlorite equal to or less 
than the concentration of Sarin showed similar behavior.  Moreover, the active 
chlorine titres of the solutions remained unchanged during the course of ex- 
periments at pH 7 and 8 where the chlorine concentrations were equal to or less 
than the Sarin concentrations. For a further discussion on the nature of this 
reaction see DISCUSSION. 
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several pSbial"s!h0WS ^ reSUltS 0f exPeri'nents ru" at 2-30 C«  at 

Table  II 

Rate of Decomposition of 2 x lO"4 M Sarin Solution at 2-3o cc 
 with HTH (calcium hypochlorite) at different pHs 

Total Hypochlorite 
pH ..     Salt Conco x 1Q3 

6„0 

7.0 

8o0* 

9.0** 

J_ 

lo41 

2„82 

0.72 

1.41 

0o72 

lo41 

Oo36 

0o72 

tJS 

ÜJJb. 

84o0 

SÖol 

2102 

llo9 

5o6 

3oO 

9o8 

4o2 

K0bs *  iO2 
Mino-1 

0o82 

lo82 

3o26 

5.87 

12o4 

22o9 

6„77 

15o8 

* Arbitrarlly' \21U^  0f KA =.5 X 10"8 Was chosen " the dissociation constant for hypochlorousAacid„ 

•♦ No correction made to Kobs since Ks was less than 0,1% of K K . 
« ' ODS 

is obtaineda«iVv«l^TrHtUre^  ^ Can be **** that re«^^ble constancy 
litlrlitlt  *2.vfl»es) when the hypochlorite ion is considered to be the 
effective material .n the decomposition.    An average bimol.cular'co^tant 

«   C.  xs 5,6 x 10    lomole-^in.-1.    An approximate bimolecular rate 
constant at  2-3o c,   (KA = 3 x 10=8)  is 2,1 x 10^ 

m»th„H /^ ^d!ru0f the reaction «as determined by the differential 
Ed^?o„    n01^6? by.S; Glasstone

J Textbook of Physical Chemistrj! 2nd 
TabU m?'  N0Strand COn,Pany'  1946'  Pa9e  1067.    The data are  sh^n in 

SECRET 
10 



SECRET 
Table  III 

Decomposition Rate of Various Concentrations of Sarin with 
Various HTH Concentrations - Temperature = 22-25° C», pH = 6cO 

Sarir. Cone Tot a I Hypochlo rite tl* K2 x 102 K2 x 10
2 

l.raole'^min,"1 M x 104 Salt Cone M x 103 Min. 

42o4 

Min,"1 

1,63 2,14 0o71 6,0 

2,14 2,12 15ol 4,59 5,6 

2ol4 2„82 llo4 6,08 5,6 

4„28 2,12 17.2 4,03 5,0 

8,56 2ol2 15,1 4,59 5,6 

Analysis of the data shows that the decomposition of Sarin is first order 
with respect to both the Sarin and the hypochlorite ion concentrations. 

One determination at pH 6,0, T = 34° C, showed that the half life 
of 2 x lO"4 Sarin with 1,42 x 10"3 hypochlorite ion was 12 minutes, 

Becauae of the uncertainty in the values chosen as dissociation 
constants, the activation energy for this reaction has not been calculated. 
Instead, a temperature coefficient has been calculated from experimental 
values at two temperatures, and a calculated value from the third. These 
data are shown in Table IV, 

Table IV 

Half Lives of Sarin (2 x 10"4 M) in the presence of 1,42 x 10"3 

Hypochlorite Salt (100 ppm C^) at Different Temperatures 

Temperature 
0 C, 

3,5° 

23,5° 

34° 

84,0 

22,6* 

12,0 

Change in 
Rate/10o C, 

1,82 

1,80 

•Calculated from K2 = 5,6 x 102; KA = 4 x 10~
8. 

Thus, it appears that the decomposition rate is approximately 
doubled for each 10° C, temperature rise. 

SECRET 
11 

- 



SECRET 
It has been established that at relatively high pH, i0eo. 9oa=10 0 

calcium and magnesium ions have a catalytic effect on the hydrolysis rate ' 
of Sann (4)„ The univalent cations sodium and potassium do not exhibit 
similar behavior. 

To determine the effect of the calcium ion in these experiments 
(and/or the inert ingredients in HTH), two runs were made using sodium hy- 
pochlonte, prepared from gaseous chlorine and sodium hydroxide solution! 

The half lives of Sarin with two different concentrations of hy- 
pochlorite ion supplied by sodium hypochlorite are shown in Table V, For 
comparison the half life of Sarin with the same concentration of hypo- 
chlorite, but supplied by HTH are included» 

Table V 

Decomposition of 2 x 10"4 M Sarin with Hypochlorite from 

Sodium Hypochlorite and HTH at pH 6oO; T = approximately 25° Co 

Source of 
Hypochlorite 

NaOCl 

HTH 

Total Hypochlorite 
Salt Concn M x 10

3 

1,42 

2o82 

lo42 

2„82 

* Calculated from K2 = 5,6 x 102; K. = 4 x ICT8 

It appears from these results that the rate of decomposition of 
Sarin in solution of hypochlorite is independent of the nature of the 
cation, i.e., sodium or calcium, and is dependent only upon the concen- 
tration of hypochlorite ion. An experiment was performed to determine 
the effect of chloramines on rate of decomposition of Sarin, The analyt- 
ical method reported herein was found to be not as satisfactory in the 
presence of chloramines as in the presence of hypochlorite. However, by 
allowing the peroxide to react with chloramine T for a minute and partially 
diluting the samples before the addition of the buffer-indicator solution, 
fairly good analytical data were obtained»  It was established by acid 
production and approximate Sarin analysis that the rate of hydrolysis was 
H III V  fÜ at a1^?nfluenced by the presence or absence of chloramine T, 
It was further established by studying the rate of acid production of a 
solution containing Sarin, approximately 10 ppm ammonium nitrate and hy- 
pochlorite, that the catalytic action of hypochlorite can be completely 
inhibited by ammonium ions. The inhibition of the hypochlorite is assumed 
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occurs rapidly in difSu «fiuo^it  «'^^1^(15?^  "^ a reaCtl0n 

IVo DISCUSSIONt 

ion offer^a^fSJe1":^ f:ridneconnt
areOU

t
SSOlUt/0n by ^cMorlte 

is particular^ attrLuvf f'or th^use "n^e"^^?31^ SUPPlieS'    ^ 
destroy many biological materials! hypochlonte ion will  also 

is to bemused5 iTrlulVelrTil^l ^t 0f ^ in thls reactlon» ^ HTH 
will be, in all probaS litJ ^ need to L8^«8^1'6^ 75~200 ^ the" 
HTH is  strongly Slkaline itself anH «^i    J   V6 pH of the water since 
ity. If lowlr^oicentJat o^s of SlH au tT^t ^ ^tef,"ith alkalin= 
to add a source of alkalinity tn fh«      f e Usedj  " wil1 be necessary 
hypochlorite ion ex?sts in iLree5!fl!aier ♦? ?aintain a PH (ca, 8) where 
alkalinity will bfre^uired wHl de1eL^\\ieS-    ^^ the ^ditional 
its buffer content and the  inttT..? P P      the initial PH of the water, 
be borne in m?nd that tSe aaeJt ^d^T^^Tir 0f the a^nU <* ""** 
mole of agent, an5 tl waterl'f lo^^m^nd" b^"0168 0f aCid per 

reduce the DH to acid nHs u,hJt~ t      a**ai*nlty and buffer content can 
tive).    However' zf gaSous chloJlnel ^"H 

trea^ent Wil1 be ineffe«- 
to the water as a result of the S^' be USed' the acidity i-nparted 
lower the pH of the water fo as tolltT^T e<'uilibriu'" ^ sufficiently 
important Slso that  ammonia or otSern?t^Ltreatf-t.ineffectlve°    *  " 

dent that ^pocMorL^rL^X^tJ ^^^^1^ 

residuarsa^ co\ttLl„ath!onnInf:hC:ieV:;eerL:nftC"rina^0n t0 deStr^ the 

cal section of this report Jo) was due    linSttr^ t0  in the hi^ori- 
enon,  since ammonium alum was used nrfor ?/ ^ a* lefSt' t0 this Pheno'n- 
of the water»    At the pSoriater',? tinted    Hz8^!" ^t coa9ulati- 
low concentration of active chlorine    IrtJ* I      '    °?'  and the extremeiy 
not be expected, even if: hyU^Ue llTetettTeT"0* 0f Sarln W0Uid 

lower coSStriuoSlVchJoJSrJLrJh«6 eXJended t0 several ho»**' "«««• 
be used for water decent amiSaUon?«^6 §l!0*\in thi* Publication may 
at  PH 8.0  (which can be easill ^;nm ?«   fT^l by 'naintaining the water 
of only 5 ppm chlorLfwm  redu" ^ 1Shed With lirae 0r soda ash>  addition 
30 to ^1 p^ in'S^rm^l"^:^^^^1- 0f S^ - -ter from 

Nature and Mechanism of the Reaction^ 

be explafn^irtJe a^um^iL^h^0tJe'l;81 'H? ^ 0f ^^P^ition may 
deduction thatythe relZTn'T, clni^e^Sir^lSe1^!^^-    The 
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observations^    First,  the rate constants of a double run  (see footnote to 
Table I) were, within experimental error,  the same,  showing that there had 
been no decomposition of the material responsible for the acceleration of 
rhLS lüf1^ ''SU Scrino    Secondly'  the active chlorine titre was un- 
changed evea though the Sann added had been decomposed»    Then, too,  two 
duJtLn JC,hAr! pr0^C8? Per raole of completely decomposed Sarin/   Pro» 
duction of the theoretical amount of acid is consistent with a simple hy- 
drolysis and with the absence of side reactions tending to produce more or 
less acid»    Lastly,  the decomposition follows first order kinetics       If 
in a bimolecular reaction consisting of reactants at  approximately'eaual 
concentrations, both of the reactants are destroyed, then one would find 
that a first order plot would not fit the data.     Only if one of the re" 
actants remains at constant concentration would first order kinetics be 

nf .v,*    The ra^e c0"s<'ant of decomposition of Sarin with  hypochlorite  is 
of the same order of magnitude as that found with many reactants  (of the 
same basicity) where reactivity can be explained through a blfunctional 
attack upon the Sarin molecule,   i.e.,  push-pull mechanism      Wort Ss col 
Xll? K" ^ ^t?-  ^Z1""^^ the mechanism of this  r^acUon.     It  Eas 
already been established that chloride ion  is not  necessary for ?he reac- 
iitr^t»5    J'fr0" the reaction 01  Sarin with hypochlorous  acid in potassium 
nitrate solution at constant ionic strength show that approximatelfthe 
same rate constant  is obtained with this system as that  ?e^rted fJrJL 

to t1hUeiritCH1HiUm/yP0ChlCrite SySteraS  (wJich contained Sl3e?on Sue to their methods of preparation) (8). "^uc XMH uue 

th- H      
I* dofs M* seem to ^ too unjustified to compare the structure of 

the hypochlorite ion with that of the perhydroxyl  ion      From Paulina's 
electronegativity values,  it would seem that the oxygen atom woulJContain 
a greater share of the electrons  shared between the two  atoms    and tSat 
the chlorine is «electron deficient.™    The chlorine inhToocbioTtelon 
in Le:vr

o
aJV0nSidered t0 be Positivly barged   de troÄ clent)  aSd 

JtaJ^co^rnd"30110'18 P1CkS UP 8leCtr0nS t0 ^ ^ electronicaV 

An analogous situation probably exists in the oerhvdroxvl   inn 
ITeTront ^t ^1°^ 0f the ^^^ *rouP is in tlfseat of J^w electron density.    An attack upon the phosphorus of the Sarin «ni^..i! K 
hypochlorite ion may be postulated as fhe Lu^llteMn^e TelTill^ 
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FIG. 2 - EFFECT OF (OCL") ON HYDROLYSIS RATE 
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